Abstract A laboratory scale working model that could detect the 15 N enrichment in cyanobacterial biomass and extracellular ammonia, using 15 N gas under in vitro conditions was designed and fabricated. Using the model, 
Introduction
Cyanobacteria commonly referred as Blue Green Algae due to their ability to form phycobilin pigments are a group of photosynthetic prokaryotes. They have colonized the surface of the earth for nearly 3 billion years and are considered the predecessors of modern day cellular organelles 1 . Taxonomically they belong to the class cyanophyceae 2 . A unique property of certain cyanobacterial genera is their nitrogen fi xing ability. This is closely related to the presence of specialized cells called heterocysts, which lack PS II and hence do not evolve oxygen. It is in these cells that nitrogenase, a highly oxygen sensitive enzyme is protected. Though all heterocystous cyanobacteria can fi x atmospheric nitrogen under aerobic conditions, a few nonheterocystous fi lamentous and unicellular cyanobacteria also possess this property 3 . Cyanobacteria gain agronomic signifi cance due to their ability to colonize and contribute to the biological nitrogen fi xation in rice fi elds. The biologically fi xed elemental nitrogen is made available to the rice crop either after the mineralization of the cyanobacterial biomass or continuously as extracellular ammonia. Hence it is imperative to quantify the cellular and extra cellular fractions of the biologically fi xed nitrogen.
Biological nitrogen fi xation can be estimated by either direct or indirect methods 4 . The Acetylene Reduction Assay (ARA) is an indirect method of quantifying biologically fi xed nitrogen. But this method has several inherent fl aws and the results may be quite erroneous 5 . The use of isotope techniques make it possible to quickly and accurately fi nd out the answer to soil-crop-fertilizer management problems, which cannot be solved by other conventional techniques 6 and natural ecosystems 7 . The technique has been demonstrated to provide accurate estimates of nitrogen fi xation as other methodologies 8 . 15 N gas has been used previously to estimate nitrogen fi xation associated with deep-water rice to determine the distribution of nitrogen compound produced by the cyanobacterial symbiont of Azolla 9 . The technique has been used to quantify the amount of biological nitrogen fi xation in rice production systems in a fairly accurate manner 10 . In this study, a laboratory model was designed and developed to detect the 15 N enrichment in cyanobacterial biomass and extra cellular ammonia, using 15 N gas ( Fig. 1 ). In the laboratory model, the 15 N gas level was raised above the natural abundance (0. 
Materials and Methods

Design of the bioreactor
The bioreactor consisted of four distinct parts viz., (A) 15 
N gas generation unit (B) Bromine Absorption Unit (C)
Cyanobacterial Growth Chamber and (D) Volatalizable Ammonia Receiving Unit (Fig.1.) . 15 N gas generation unit A specially designed 25 mL conical fl ask with a ground joint was used to generate 15 N gas. Sodium hypobromite (10 mL) was taken in the fl ask and 200 mg 15 N urea (10 % atom excess obtained from Rashtriya Chemicals and Fertilizers) dissolved in 5 mL distilled water was injected through a rubber septum to generate 15 N gas daily for a period of 30 d. The rubber septum was periodically replaced to ensure airtight conditions.
Bromine Absorption Unit
In order to absorb any trace quantity of bromine that may have been present as a contaminant in the 15 N gas generated, it was passed through the bromine absorption unit, which contained 0.1 N HCl (10 mL). The acid was replaced at weekly intervals.
Cyanobacterial Growth Chamber
A three-litre Haffkine fl ask was used as the growth chamber. Sterile BG-11 0 medium (1.5 L) prepared by using double distilled water, was taken in the fl ask and inoculated with a composite cyanobacterial inoculum at 10% level. The inoculum contained members of the genus Westiellopsis that were tolerant to various stresses like acidity, herbicide and salinity. The fl ask was fi tted with a three holed nylon stopper and the entire assembly was made airtight with the application of vacuum crease.
Volatalizable Ammonia Receiving Unit
A specially designed conical fl ask (250 mL) with a ground joint served as the volatalizable ammonia-receiving unit. Boric acid (2%) with double indicator (bromocresol green 0.5 g and methyl red 0.1 g in 100 mL of ethyl alcohol) was kept at the receiving end to absorb the ammonia that volatilized from the growth chamber.
Estimation of 15 N enrichment in cyanobacterial growth medium and cyanobacterial biomass
The ammoniacal nitrogen content in the growth medium was estimated at 10 d interval for a period of 30 d by the distillation method 11 . The cyanobacterial biomass was harvested on the 30 th d by fi ltration and the total N content in the cyanobacterial biomass was estimated by the method of Humpries 12 . On the 30 d, the contents of the volatalizable ammonia receiver were transferred to a Bremners distillation assembly and the ammoniacal nitrogen content was estimated by the distillation method 11 . The acidifi ed distillate obtained from each of the fractions was dried separately in a sand bath at 60 o C to get the ammonium borate crystals, which were stored in polybags for 
Results and Discussion
It was observed that the nitrogen content of the composite cyanobacterial cell biomass that was labeled using 15 N gas had a nitrogen content of 5.64 % and the 15 N percent atom excess in the labeled biomass was 0.48 % (Table 1) . This indicates the effi ciency of labeling the cyanobacterial biomass by 15 N gas and this is a direct measure of the quantity of the 15 N gas incorporated into the cell biomass through cyanobacterial nitrogen fi xation. It would be interesting to note that the cyanobacteria were grown in a N free medium and the observed nitrogen content and the 15 N % atom excess could be solely attributed to nitrogen fi xed by the cyanobacteria. The ammoniacal nitrogen content of the medium increased linearly with the incubation period. Maximum ammoniacal nitrogen content in the medium was observed on the 30 th d after inoculation. Interestingly, no 15 N could be detected on the 10 d in the ammoniacal fraction, while a steady increase was observed in the 15 N percent atom excess in the ammoniacal fraction on the 20 and 30 d after inoculation. The ammonia that volatilized from the growth chamber was collected in 2 % boric acid solution. At the end of the incubation pe- The use of 15 N gas in growth chambers has been advocated for the short-term incubation studies under controlled conditions to study the nitrogen fi xation by microbes and to work out the nitrogen derived by plants by biological nitrogen fi xation 14 . Few studies have been conducted with cyanobacteria using 15 N gas. Earlier studies with preparations of the isolated cyanobacterial symbiont Anabaena azollae have shown that only 50 % of the fi xed 15 N is incorporated into an organic fraction while about 35 % is released into the medium as ammonium 15 . Anabaena preparations isolated from Azolla caroliniana incubated for 10 min. with 13 N 2 gas resulted in the formation of labeled radio active compounds viz., ammonium, glutamine, glutamate and alanine, of which ammonium accounted for 66 % of the total labeled compound and 58 % of which was in the extra cellular fraction 16 . In the present study a novel laboratory model was designed and developed to detect the 15 N enrichment in the cyanobacterial biomass and the extracellular ammonia fraction. In this model boric acid was used to collect the volatilized ammoniacal fraction that evolved over a period of 30 d thus reducing the possibility of underestimating the ammonia production. It was observed that the cyanobacterial biomass had a 15 N enrichment of 0.48%, which would have come entirely through biological nitrogen fi xation. Interestingly, the 15 N enrichment of 0.11 and 0.26 % was also detected in the extracellular ammonia on the 20 and 30 d after incubation and 0.30 % of the 15 N enrichment was detected in the volatilized ammoniacal fraction, which was estimated on the 30 d. The fi ndings of the present study are in conformity with the earlier observations that 15 N enrichment could be detected in the extracellular fraction and the cell biomass, when 15 N gas was used as a tracer. The model that was designed and developed during the present study will serve as a tool for assessing the extent of nitrogen fi xed in the cyanobacterial biomass /excreted in the extracellular ammoniacal fraction under laboratory conditions.
